We report a case of a 54-year old female patient, complaining for chronic dizziness, hearing loss, tension headaches without aura, postural instability and gait dysfunction. The patient referred having these symptoms from 1992, but the last few months she experienced a noticeable aggravation of the symptoms. A magnetic resonance imaging test revealed a triventricular hydrocephalus, not associated with signs of intracranial hypertension decompensation. The ENT-Audiology evaluation revealed a bilateral sensorineural hearing loss with a conductive component, video-nystagmography resulted in an areflexia of the right ear and a reduced vestibular activity for the left ear. Auditory brainstem response test was also carried out and showed pathologic findings for the latencies of the waves I-III, III-V and I-V bilaterally but more significant in the right ear. On January 2016 the patient had endoscopic third ventriculostomy. On the follow up the patient referred an important subjective improvement regarding instability and gait dysfunction. In this paper we study the correlation between hydrocephalus, hearing loss and vestibular dysfunction.
Introduction
Hydrocephalus is a medical condition caused by the excessive accumulation of cerebrospinal fluid (CSF), which results from an imbalance between CSF production and absorption. It is classified as communicating or non-communicating. In the first case, there is a normal communication between the ventricular system and the subarachnoid space, but the CSF is not fully absorbed. In the second case, there is an obstruction in the ventricles, which prevents the normal flow of CSF in the subarachnoid space, which results in a dilatation of the ventricular system. 1 Idiopathic normal pressure hydrocephalus (INPH) consists of communicating hydrocephalus, with pressure in the CSF within the normal range (7-24 cm H2O). 2, 3 It was first described by Hakim and Adams 4 as a syndrome that consisted of the triad of gait apraxia dysfunction, dementia, and urinary incontinence, associated with ventricular dilation. The three symptoms are present in approximately 50% of the cases and the presence of two symptoms, investigations and differential diagnosis should be considered. Elderly population is more often affected, with an incidence approximately 6 per 100,000 and the prevalence 22 per 100,000. 5, 6 There is a correlation between INPH and hypertension, cerebrovascular diseases and Alzheimer Disease. 7, 8 The surgical treatment, which consists of the ventriculo-peritoneal shunt (VPS) and endoscopic third ventriculostomy (ETV), 9, 10 can improve the symptoms of INPH. However, both of them have disadvantages, such as necessity for reoperation, infections, overdrainage and perioperative mortality rates. [11] [12] [13] Case Report A female patient, 54 years old, came to our attention on April 2015 complaining for chronic dizziness, hearing loss, tension headaches without aura, postural instability and gait dysfunction. The patient referred having these symptoms from 1992, but the last few months she experienced a noticeable aggravation of the symptoms. The clinical tests, performed 23 years ago, revealed a mild bilateral sensorineural hearing loss, more noticeable on the right ear. Tympanometry and stapedial reflexes were normal, also auditory brainstem response (ABR) audiometry showed no abnormal findings. The CT scan, which was performed to study the middle ear structures, did not show morphological or structural anomalies, and normal central nervous system findings. Routine blood tests were normal. The patient never experienced typical vertigo crisis with tinnitus and fluctuating hearing loss, which would indicate Ménière's disease, but an aspecific chronic dizzi- ness and assymetric hearing loss more prominent for the right ear, possibly of hydropic type.
On April 2015, after ENT evaluation for vestibular deficit and hearing loss, it was prescribed an MRI test (Figure 1 ), which revealed a triventricular hydrocephalus, not associated with signs of intracranial hypertension decompensation. It was present a wide reduction of CSF spaces with no signs of trans-ependymal absorption as well as the absence of obstructive lesions responsible for impedance to the flow of CSF. Important reduction of the caliber of the aqueduct of Silvio was observed, likely to be on a congenital base. Finally, brainstem and cerebellopontine angle were free of pathological findings. As anatomical variant, we noted the high position of the right jugular bulb, without any clinical significance. Arnold-Chiari malformation or superior semicircular canal dehiscence syndrome were excluded by the neuroradiologist. On May 2015, the patient had an ENT-Audiology evaluation. The audiometry test (Figure 2A ) revealed a bilateral sensorineural hearing loss, (middle level on the left ear and severe level on the right ear). Tympanometry was normal on both ears (type A), but the stapedial reflexes study demonstrated abnormalities, particularly the absence of the reflexes on the right ear, either ipsilateral and controlateral, the absence of controlateral reflex on the left ear, with normal ipsilateral left ear reflex. Routine vestibular examination showed no particular findings, with absence of nystagnus using Dix-Hallpike, Pagnini-McClure and Semont tests. The patient was studied also with video-nystagmography (System VNG Plus ECLERIS). The bicaloric stimulation test with water at 44° and 30° Celcius, resulted in an areflexia of the right ear and a reduced vestibular activity for the left ear.
Finally, the ABR test was carried out and showed increased interwave latencies (I-III, III-V and I-V), bilaterally but more significant in the right ear (Figure 3) .
On January 2016 the patient had endoscopic third ventriculostomy (ETV). The CT scan demonstrated a high-grade dilatation of the supratentorial system, with a minimum air content on the right side and outcomes of right frontal craniotomy (Figure 4 ). On the follow up the patient referred an important subjective improvement regarding instability and gait dysfunction. Nevertheless vestibular tests showed the persistence of areflexia and reduced vestibular activity, with not important changes regarding hearing loss, consistent with the follow up audiogram ( Figure 2B ).
Discussion
Various studies report the correlation between hydrocephalus and sensorineural hearing loss. To date, the pathophysiology wich explains the hearing loss associated with hydrocephalus is conflicting in the literature that has been reviewed. Most of the studies focus on the effect of shunt-treated hydrocephalus. [14] [15] [16] The authors hypothesised a hearing loss due to a decrease in pressure or volume of the CSF with a concomitant reduction in perilymphatic fluid, comparable to a transitory endolymphatic hydrops. 16 An other study 15 suggests that long-term shunting may result in overdrainage of the CSF and produce skull base hypoplasia with the involment of the brain stem, which determines a retrocochlear Case Report dysfunction with elevated contralateral acoustic reflex threshold and significant difference (60 dB) between acoustic reflex threshold and hearing threshold, in absence of middle ear pathology. Other authors describe a bilateral low frequency SNHL that is resolved following shunt placement, 17, 18 suggesting that hearing loss associated with hydrocephalus has a pathogenesis similar to endolymphatic hydrop with fluctuating hearing loss. In the literature, is also described a persistent bilateral low frequency hearing loss one year after the placement of a ventriculoperitoneal shunt. 19 All the authors propose a pathophysiology mechanism of a cochleo-vestibular damage, which consists of the transmission of the pressure variations in CSF to the inner ear labyrinth through the cochlear aqueduct. More specifically, the omeostasis of cochlear fluids and CSF pressure is due to the normal drainage through the cochlear aqueduct and the endolymphatic sac. Although there is not any direct communication endolymph-CSF, cochlear acqueduct permits a direct communication of perilymph and CSF, on the other hand, endolymphatic sac controls endolymphatic pressure, being positioned within subdural space, surrounded by CSF. 17, 20 Even a minimum variation of CSF pressure, can be transmitted through the cochlear acqueduct to the perilymph of the scala tympani and determine very small but important displacements within the cochlea. A minimal pressure difference amongst endolymph and perilymph can determine displacement of the Reissner's membrane and the effects on hearing threshold and vestibular function, in what we call reverse like endolymphatic hydrope mechanism effect. On the other side a low perilymphatic pressure can cause collapse and rupture of the Reissner's membrane. 14,21
Conclusions
The sensorineural hearing loss, with progressive deterioration of hearing ad vestibular function in this patient, was associated with hydrocephalus. This particular pathologic correlation between hearing loss and hydrocephalus, could be explained by the anatomical relationship between the fluid spaces of the inner ear and the central nervous system. In conclusion our case report refers to a patient that has a predisposition to cochleo-vestibular degenerative processes possibly related to phenomena of hydropic type or long standing old data infections aggravated from hydrocephalus. The endoscopic third ventriculostomy operation resulted in a subjective improvement on gait and instability dysfunction, without significant variations of the hearing loss. A B Figure 4 . CT scan demonstrating a high grade dilatation of the supratentorial system, with a minimum air content on the right side and outcomes of right frontal craniotomy.
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